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[57] ABSTRACT

The present invention provides an apertured circuit
board having self-locking terminals which partially
cover at least some of the apertures. The terminals,
which are integral extensions of the circuit pathways,
are adhesively anchored to the circuit board at the
terminal peripheries and are covered in part by a dielec-
tric overlay. The latter also provides environmental
protection and electrical insulation to the circuit con-
ductive pathways. A particular feature and advantage
of the invention resides in the provision of an integral
tie-down shoulder on each terminal for capturing by the
dielectric overlay. The circuit board and integral sock-
ets may be formed by photoimaging and chemical resist
techniques.

7 Claims, 12 Drawing Figures
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CIRCUIT BOARD WITH SELF-LOCKING
TERMINALS - |

This invention relates to electrical circuit assemblies
and methods of manufacturing the same, and more par-
ticularly to improvements in circuit boards and to meth-
" ods for manufacturing the same.

In general, a printed circuit board comprises an elec-
trically insulating base having an individual or compos-
ite electrical conductive pathways on at least one sur-
face thereof, and one or more apertures communicating
between opposite surfaces on the insulating base. At
least some of the apertures are surrounded at least in
part by extensions of the conductive pathways (“termi-
nals’’) which provide connection points between the
conductive pathways and electrical and electronic com-
ponents. Numerous systems are well known 1n the art
for mounting electrical and electronic components and
connectors onto printed circuit boards. Typically, the
components are provided with leads, in which case the
components can be mounted to the board with their
leads extending into and through the board apertures.
Permanent electrical and mechanical connection be-
tween the components and the circuit board is achieved
by soldering the components leads to the terminals
surrounding the apertures. The component leads may
be individually soldered to the board, e.g. as by hand
soldering. However, connecting each lead in such man-
ner is a tedious process. Accordingly, the art has devel-
oped various systems by which a plurality of soldered
connections to a circuit board may be accomplished in

a single mass soldering operation e.g. employing pot

soldering or wave soldering techniques.

Although soldered connections are considered to be
highly effective to establish reliable electrical and phys-
ical connections between component leads and a circuit
board, the soldering operation adds significantly to
manufacturing costs. Furthermore, it generally is neces-
sary to clean soldered assemblies following soldering,
and such cleaning also may add appreciably to manufac-
turing costs. Moreover, the relatively high tempera-
tures typically required by mass soldering operations
may damage heat sensitive components and/or may
warp or delaminate the circuit board. Still another dis-
advantage of soldering is that replacing a faulty compo-
nent is relatively time consuming and difficult, requiring
both unsoldering and re-soldering operations. More-
over, such unsoldering and re-soldering operations may
result in damage to the circuit board, adjacent compo-
nents or other soldered connections on the board.

Solderless wrapping, crimping and socketing are
known in the art and offer alternative methods to sol-
dering for mechanically and electrically connecting
electrical and electronic components onto printed cir-
cuit boards. Such methods rely on metal deformation of
the jumper wire, the component lead or socket ele-
ments, or both, to form a metallurgically sealed electri-
cal interface. Typically such methods require special
equipment, are generally labor intensive, and also may
have certain connection spacing requirements which
limits their application in the case of high density con-
figurations. Moreover, the stability of the inter-connec-
tions formed by such methods depend in part upon the
residual elastic stress remaining in the deformed metal,
and thus may fail in the field due to stress relaxation. An
additional requirement of such methods is to provide
sufficient degree of metal deformation to break-down
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any surface oxides and other surface contaminations
that may be present on the mating metallic members, i.e.
SO as to assure a true metal-to-metal contact. As a practi-
cal matter a common practice in the art is to plate the
mating members prior to assembly with a non-corrosive
metal such as gold. Such plating requirements may add
significantly to manufacturing costs. Moreover, while
such prior art solderless interconnections theoretically
offer an advantage over soldered connections of easy
separability, in practice solderless interconnections may
be subject to degradation due to metal loss from one or
both contacting members upon repeated mating and
unmating interconnections. Thus, such prior art solder-

less interconnections potentially offer advantages over
soldered interconnections only in certain application.

Still other methods of forming interconnections be-
tween printed circuit boards and electrical components
are described in Swengel U.S. Pat. No. 2,958,064 and

Hotine et al U.S. Pat. No. 3,275,736.
Swengel proposes forming a laminated circuit board

‘with integral sockets for gripping electrical component

leads or the like. According to Swengel, one or more
layers or sheets of a resilient and rubbery-type material
are bonded to a circuit board. The resilient layer in-
cludes apertures corresponding in location to the circuit
board apertures. The apertures in the resilient layer are
of a diameter slightly less than that of the lead to be
inserted therein, whereby the resilient layer may me-
chanically grip a lead loaded in its apertures. In order to
assure electrical continuity a circuit extension, prefera-
bly integral with the circuit pathways, is provided pro-
jecting into the aperture. An obvious disadvantage of
the Swengel circuit board is the need for the resilient
sheets which may add to the cost of manufacture and
may also substantially increase the weight of the board.
Moreover, the Swengel’s resilient sheets prevent visual
inspection of the circuit, e.g. to detect defects. Still
another disadvantage of Swengel is the reliance on the
mechanical force of deformation of a rubbery-type ma-

‘terial to lock the component and board together. As is

well known in the art such forces may lessen in time due
to physical effects such as creep or stress relaxation and
thus result in circuit failure in the field.

Hotine et al disclose an electrical connecting unit
which basically comprises a plurality of relatively thin
spring finger-like members disposed so as to extend
partly over the board apertures. According to Hotine et
al the finger-like members have pointed ends, and are
configured so as to define an aperture with respect to
one another which aperture is slightly smaller in dimen-
sion than the cross-section of the component leads to be
inserted therein. According to Hotine et al the finger-
like members mechanically lock the component leads to
the board; however, the required electrical connections
to the circuit pathways are made by spot welding the
individual finger-like members to the leads. Hotine et al
reports that such redundant multiple welds result in
improved reliability of the interconnections in the field.
Obviously, the Hotine et al system is relatively costly.
Moreover, the Hotine et al system is not believed to be
practical in the case of high density applications due to
the connection geometry, and the requirement for suffi-
cient tie down area for adhesive or mechanical attach-
ment of the individual finger-like members to the board.
Moreover, sufficient connector spacing is required so as
to permit access to the individual finger-like members
for welding.
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It 1s thus a principal object of the present invention to
provide a novel interconnection system for electrically
and mechanically attaching electrical and electronic
components to a printed circuit board. Another object

of the invention is to provide a solderless interconnec-
tion system which overcomes the aforesaid problems of

the prior art. Yet other objects of the present invention
are to provide novel printed circuit boards having inte-
gral solderless self-locking terminals for mating with
component leads, and to methods for producing circuit
boards of the type above described.

Generally, in accordance with the present invention a
circuit board having apertures therethrough is pro-
vided. The board has self-locking terminals which par-
tially cover at least some of the apertures. The termi-
nals, which are integral extensions of the circuit path-
ways, are adhesively anchored to the circuit board at
the terminal peripheries and by a dielectric overlay. The
latter also provides environmental protection and elec-
trical insulation to the circuit conductive pathways. A
particular feature and advantage of the invention re-
sides in the provision of an unique tie-down shoulder on
each terminal which increases substantially the anchor-
ing force provided by the dielectric overlay. The circuit
board and integral sockets may be formed by photo-
imaging and chemical resist techniques as will be de-
scribed in detail following.

As used herein the term “printed circuit board” is
intended to refer to circuit boards formed by conven-
tional photo-imaging and resist techniques as well as by
stenciling and the like. The particular circuit design is a
- matter of choice and will be determined by desired
electrical and electronic considerations well known to
the art and which form no part per se of the instant
mmvention. The terms “electrical and electronic compo-
nents” are intended to refer to both active and passive
electronic components, lead and jumper wires and the
like.

For a further understanding of the nature and objects
of the present invention, reference should be had to the
following detailed description taken in connection with
the accompanying drawings wherein like numbers de-
pict like parts and:

FIG. 1 1s a top plan view of one form of circuit board
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F1G. 2 is a side elevational view, partly in section of
the circuit board of FIG. 1;

FIG. 3 1s an enlarged perspective view, showing a
portion of the circuit board of FIG. 1;

FIG. 4 is an enlarged side elevational view of the
same portion of FIG. 3, and showing an exemplary
connection to an electrical lead;

FIG. 3 1s a side elevational view, diagramatically
illustrating a process for producing the circuit board of
FI1G. 1;

FIGS. 6 - 11 are perspective views of a circuit board
at various stages of formation in accordance with the
process of FIG. §; and

F1G. 12 15 a side elevational view, partly in section of
an alternative construction of circuit board in accor-
dance with the instant invention.

One embodiment of connection system in accordance
with the present invention is shown in FIGS. 1 - 4 of
the drawings. In the embodiment of FIGS. 1 - 4 the
circuit board comprises a rigid dielectric panel or sheet
30 of conventional circuit board insulating material, e.g.
0.062 inch thick phenolic resin board. (For convenience
of illustration only a portion of the circuit board is
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shown in the drawings). A plurality of electrically con-
ductive metallic pathways 32, each comprising an elon-
gate central portion 34 extending between terminal ends
36 and 38, respectively, are provided on at least one

surface, e.g. surface 39 of panel 30. For convenience of
illustration, circuit pathways are shown on only one

surface of panel 30. It will be understood however, that
panel 30 may carry circuit pathways on both outer
surfaces thereof, and if desired, panel 30 may comprise
a plurality of insulating panels and including one or
more internally carried layers of circuit pathways. One
or more apertures 40 are provided through panel 30
communicating between opposite surfaces on the panel.
The conductive pathways have dimensions, and shapes
corresponding to desired design criteria, e.g. current
carrying capacity and card geometry.

As seen in the drawings terminal ends 36, 38 and
integral extensions of central portions 34 surround aper-
tures 40 at least in part. Apertures 40 typically are round
holes. As will become clear from the description fol-
lowing the diameter of apertures 40 will depend in part
on the diameter of the lead to be loaded therein. For
example, for a typical lead of about 0.030 inch diameter
aperture 40 should have a diameter of about 0.070
inches. As seen particularly in FIGS. 1 and 3 each ter-
minal end (e.g. 36) comprises a raised generally annular
metallic member and including a plurality, e.g. four
spaced spring fingers 42 each disposed pointing gener-
ally inwardly from the annulus of aperture 40 for a
distance, but stopping short of the center of aperture 40.
As will also become clear from the description follow-
Ing, it is preferred that the innermost, i.e. central edges
of fingers 42 are generally concave, e.g. at 44, so as to
provide an extending mating surface with the convex
surface of component leads 45 to be loaded therein (see
FIG. 4). Thus, edges 44 of fingers 42 together define a
generally round aperture 47, which is slightluy smaller
in dimension than the size of a typical component lead.
For example, for a typical component lead of diameter
of 0.030 inches, fingers 42 may be shaped and dimen-
stoned so as to define generally annular interspace of
about 0.020 inches.

An important feature and requirement of the present
invention is to securely anchor terminal ends 36 and 38
to the insulating panel 30.

Terminal ends 36 and 38 are called upon to perform
the four-fold functions of (1) electrically connect the
conductor central pathways 34 and component leads 45,
(2) mechanically hold and maintain the components, by
their leads, to the insulating panel, (3) permit assembly
of components by simple mechanical deflection, and (4)
apply relatively high pressure against the component
leads throughout the design life of the assembly.

A deficiency of prior art self-locking terminal boards,
e.g. as taught by Swengel is the failure to provide suffi-
cient mating or hold-down area between the circuit
terminals and the substrate board for adequately adhe-
sively anchoring the terminals to the board. Sufficient
hold-down area is required so as to prevent the termi-
nals from delaminating from the board during lead in-
sertion or removal and also to ensure a constant operat-
ing force. As will be appreciated providing sufficient
hold-down area between the terminals and the sur-
rounding board may present a particularly acute prob-
lem 1n the case of high density applications. The present
inventions offers a solution to this problem by providing
terminal ends 36 and 38 with outwardly depending
integral shoulders or steps 46 of reduced thickness as
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compared with the main body of the terminal ends. For
example, assuming the main body of the terminal ends
including finger areas 42 have a thickness of about (.01
inch, shoulders 46 may have a thickness in the range of
about 0.001 to 0.005 inches, preferably about 0.003
inches. Shaping the terminal ends in such manner makes
1t possible to capture the reduced thickness shoulders 46
with an adhesive coated dielectric film overlay 48.
Thus, as seen in FIGS. 2 and 4 the terminal ends, i.e. the
flat bottom surface of terminal end 36 and its associated
conductor pathway 34 are bonded to the top surface of
rigid panel 30 by an adhesive 50. Film 48 is also bonded
to the top surface of panel 30 (except where prevented
by terminal ends 36 and 38 and the conductor pathways
34). Film 48 also extends over terminal shoulders 46
whereby to capture and cover the shoulders 46 at least
in part. As seen in FIG. 3 film 48 preferably extends to
the main, e.g. raised areas of terminal ends 36 and 38;
however film 48 should not cover entirely terminal ends
36 and 38. Film 48 preferably is formed of an electri-
cally insulating polymeric film material such as a poly-
ester, polypropylene, polyimide, cellulose triacetate,
polyethylene terephthalate or other readily available
film. The thickness of film 48 is not critical to the inven-
tion; however, film 48 would be relatively thin and
should possess sufficient flexibility whereby the film can
be shaped in close contact to the conductor pathways
34 and the shoulder areas 46 of terminal ends 36 and 38
with minimum film distortion. Film 48 is bonded to the
circuit rigid panel 30, terminal ends 36 and 38, terminal
shoulders 46 and the conductor pathways 34 by suitable
adhesive means such as a modified epoxy, or acrylic
based adhesive.

FIGS. 5-11 illustrate one method of forming a
printed circuit board in accordance with the present
invention.

An electrically conductwe, resiliently flexible metal-
lic sheet 60 preferably of a thickness substantially equal
to that desired for the terminal ends 36 and 38 raised
areas and fingers 42 is provided.. In the illustrated case
metallic sheet 60 comprises 0.01 inch thick phosphor
bronze ST. One skilled in the art will recognize how-
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ever that other electrically conductive, resiliently flexi- -
ble metallic materials may be employed. The top and

bottom surfaces 62 and 64 of the metallic sheet 60 are
then cleaned employing conventional technigues, and
top and bottom surfaces 62 and 64 are then coated at a
coating station 66 (FIG. §5) with conventional acid resist
materials layers 68 and 70, respectively. Then one side
of metallic sheet 60 (e.g. top side 62 and resist layer 68)
1S exposed, at an imaging station 72 to a negative art
work image of the desired raised areas of terminal ends
36 and 38 and fingers 42. Simultaneously bottom resist
layer 70 is entirely exposed to light as imaging ‘station
72. Those areas of resist coating 68 and 70 exposed to
light are altered to a lower molecular weight polymer.
The sheet is then immersed in a preferential solvent and
developed at a treating station 74, with the result that
the exposed bottom resist layer 70 and the exposed
portions of resist layer 68 remain intact while the unex-
posed areas of coating 68 are dissolved leaving resist

45
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layer 68 in a positive image of the raised areas of termi-

nal ends 36 and 38 and fingers 42.

The next step involves chemically milling the ex-
~ posed metallic areas of metallic sheet 60 by contacting
the sheet 60 with an acid etching solution at an etching

65

station 78. Etching is controlled so as to remove metal

to a depth which substantially equals that desired for

6

‘the circuit conductor areas and terminal shoulders of

the finished circuit board, For example, if 0.003 inch
thick circuit conductor pathways and terminal shoul-
ders are desired, etching should be controlled to a depth
of about 0.007 inches. Spray etching has been found to
be especially suitable for obtalmng precision control of
the etching step. | | |

Thereafter, the etched sheet is treated in a stripping
station 80 wherein the acid resist remaining on the sheet
1s removed from both sides of the sheet. A metallic sheet
having a contoured surface 62 wlth raised areas 84 as
shown in FIG. 7 results.

A feature and advantage of the present invention is
the ability to easily emboss dielectric overlay film 48 to
the circuit board. As will become clear from the de-
scription following film 48 is called upon to perform the
two-fold functions of (1) mechanically anchor the ter-
minals to the substrate panel and (2) electrically insulate
the circuit pathways. Thus, in accordance with a pre-
ferred embodiment of the invention the dielectric over-
lay film 48 1s bonded to the FIG. 7 structure. Thus, the
next step in the process of the present invention is to
partially cover all but the raised areas 84 on the con-
toured surface 62 of sheet 60 with a dielectric overlay in
the form of a thin, flexible electrically insulating film
such as one mil (0.001 inch) polyimide film 48. As
shown in FIG. 8, film 48 is pre-punched so as to cover
substantially the entire surface 62 of metallic sheet 60
other than raised areas 84. Film 48 is applied to sheet 50
at a covering station 86 (FIG. 5), and the film is bonded
to the metallic sheet by means of a suitable adhesive, for
example a thermoplastic adhesive such as a modified
acrylic (available from DuPont Company). One skilled
in the art will recognize an advantage of applying film
48 at this stage 1s that the film will not be distorted by
the circuit pathways (which are still undefined). More-
over, the possibility of voids and pressure gaps is also
reduced. Furthermore, since areas 84 are raised, the
possibility of adhesive flow onto the terminals (also not
fully defined) is relatively remote. The resulting struc-
ture appears substantially as shown in FIG. 8.

Another feature and advantage of the present inven-
tion is the ability to easily and economically plate only
the terminal areas of the circuit board. Thus, in accor-
dance with a preferred embodiment of the invention,
the FIG. 8 structure is then returned to coating station
66 where the sheet lower surface 64 is again coated with
layer 88 of a conventional resist material. Then using
one or more of the raised terminal areas 84 to insure

front-to-back image registration, resist layer 88 is ex-

posed to a negative art work pattern which defines the
actual terminal aperture 47, shoulder 46 and conductor
32 at imaging station 72. The sheet is then treated in
treating station 74 with the result that exposed areas of
the resist layer 88 remain intact while the unexposed
areas are dissolved away as before. The resulting struc-
ture appears substantially as shown in FIG. 9. It should
be noted that at this stage in the process metallic sheet
60, while contoured, still is continuous.

-~ The next step involves plating the exposed metallic
areas of sheet 60 by a conventional plating technique,
e.g. by electrodeposition in known manner of a precious
or semi-precious material such as gold at a plating sta-
tion 87. Inasmuch as the metallic sheet 60 is still contin-
uous at this stage of the processing, assuring electrical
continuity for plating purposes to each terminal end is
assured. Film layer 48 effectively masks the entire top
surface 62 of sheet 60 other than areas essentially corre-
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sponding to the raised areas of terminals 36 and 38 and
fingers 42, while resist layer 88 effectively masks the
entire bottom surface 64 of sheet 60 except areas corre-
sponding to the bottom surfaces of terminal ends 36 and

38, fingers 42 and the conductors 32. As a result deposi-
tion of the precious metal is restricted essentially to

those areas of sheet 60 which ultimately will become
parts of the terminals, i.e. plated areas 92 and 94. One
skilled in the art will recognize an advantage of the
present invention in that plating the terminals thus is an
especially simple procedure, and which may result in a
relatively low consumption of precious metal. Still an-
other advantage of the invention is that the inner edges
44, 1.e. the actual contact areas of the terminals, are also
plated.

Following plating the resist layer 88 is then stripped
from surface 64 at stripping station 80. The resuiting
structure appears substantially as shown in FI1G. 10.

Thereafter, using the plates areas 92 and 94 as a resist,
the metallic structure is returned to etching station 78 so
as to complete the definition of the terminals, terminal
fingers 42 and conductor 32. The structure which re-

sults 1s shown in FIG. 11.
At this point, the FIG. 11 structure is mounted at a

mounting and laminating station 98 onto a rigid panel or
sheet 30 such as a 0.062 mil phenolic resin board. The
latter is predrilled with a plurality of apertures 40 which
correspond substantially to the placement on the FIG.
11 structure of terminal ends 36 and 38. The panel 30
and FIG. 11 structures are then laminated together in
known manner, e.g. employing a thermosetting adhe-

sive. The resulting structure is a printed circuit board of

the type shown in FIGS. 1-4.

One skilled in the art will recognize that the mechani-
cal locking force of the terminal fingers can be varied to
meet specific design requirements, for example by em-
ploying different metallic substrate material, changing
the thickness of the metallic substrate material, adjust-
ing the size or shape of apertures 40 or the size or shape
of fingers 42, or by a combination of one or more of the
foregoing. For example, if a relatively large spring force
is desired, the metallic substrate starting material (sheet
60) may be spring steel. In such case it may be desired to
plate-up the terminal areas (station 87) with a preferred
electrically conductive material such as copper, or cop-
per followed by tin. Processing is otherwise as before.
Moreover, if desired, the foregoing process can be mod-
ified so as to provide a circuit board having flexible
conductor pattern area 100, e.g. by providing rigid
panels 30A, 30B adjacent and supporting only terminal
ends 36 and 38. Obviously, this will leave portions of
the conductors 32 exposed; however, if desired conduc-
tors 32 can be covered by a thin, flexible dielectric film
102 adhesively secured to the conductors 32, rigid pan-
els 30A, 30B and dielectric overlay film 48 (FIG. 12).
Moreover, the foregoing process of the present inven-
tion may also be adopted to produce two-sided or multi-
layer circuit boards. Still other changes will be obvious
to one skilled in the art.

What is claimed is:

1. A method of making a circuit board having at least
one electrically conductive circuit pattern formed on a
surface of said board, and at least one shaped aperture
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formed between said surface and the surface opposite
thereto, said method comprising the steps of:
(A) providing a resiliently flexible metallic sheet ma-
terial;

(B) removing materlal from selected areas on one
surface of said metallic sheet while leaving (i) a

-substantially continuous metallic sheet having (i)
at least one raised area and (ii1) at least one area of
reduced cross-section bounded by said at least one -
raised area;

(C) providing a flexible dlelectnc sheet material hav-
ing at least one aperture of approximate shape and
location as said at least one raised area, and aligning
and bonding said dielectric sheet material to said
metallic sheet so as to cover said one surface of said
metallic sheet at least in part while leaving substan-
tially uncovered said at least one raised area;

(D) masking selected areas on the other surface of
said metallic sheet so as to leave uncovered (1) one
or more metallic patterns corresponding to said
conductive circuits and (i1) areas opposite said
raised areas;

(E) plating the uncovered areas on both surfaces of
said metallic sheet and removing said mask;

(F) chemically milling said metallic sheet employing
the resulting plated areas as resist whereby metallic
material is removed from said metallic sheet leav-
ing behind one or more conductive circuit patterns
and at least one shaped aperture;

(G) providing a relatively rigid dielectric panel hav-
ing at least one aperture of approximate shape and
location as said at least one aperture in said metallic
sheet;

(H) positioning said metallic sheet and said dielectric
panel so that said dielectric panel 1s adjacent said
other surface of said metallic sheet and said aper-
tures are substantially aligned with one another;
and

(I) fixedly attaching said dielectric panel and said
metallic sheet to one another.

2. A method according to claim 1 wherein material is
removed from selected areas on said one surface of said
metallic sheet by chemical milling.

3. A method according to claim 2 and comprising the
step of masking areas on said one surface of said metallic
sheet with a resist material which is resistant to said
chemical milling.

4. A method according to claim 1 wherein said metal-
lic sheet material comprises a phosphor bronze.

9. A method according to claim 1 wherein said rela-
tively rigid dielectric panel is smaller in plan than said
metallic sheet, and including the step of covering areas
of said other surface of said metallic sheet not covered
by said rigid dielectric panel with a second flexible
dielectric sheet material.

6. A method according to claim 1 wherein said flexi-
ble dielectric sheet covers edges of said at least one
raised area.

7. Method according to claim 1 including the step of
shaping said at least one aperture with 1nward1y dis-

posed fingers.
* x %k % %
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